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® Adjustable video/raster phasing for horizontal deflection system. 



@ Adjustment and maintenance of a phase relation- 
ship between a video signal (on 11) and a scan 
synchronizing signal (on 67) to assure proper hori- 
zontal centering is provided in a horizontal deflection 
system (40). A first phase locked loop generates a 
tirst timing signal (on 17) at a first frequency, syn- 
chronously with a horizontal synchronizing compo- 
nent in a video signal. A presettable counting circuit 
(in 56) operates synchronously with the first timing 
signal for dividing a clock signal to generate a sec- 
ond timing signal (on 61) at a second frequency. A 
N second phase locked loop (62) generates a scan 
^ synchronizing signal (on 67) from the second timing 
Q signal. A microprocessor (74) may supply different 
CO numbers to a register (in 56). the output of the 
^ register being coupled to the presettable counting 
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circuit. Different numbers (from 74) change the rela- 
tive phase between the first and second timing sig- 
nals by incremental steps. The microprocessor (74) 
monitors a video source selection switch to gate one 
of alternative video sources as a video and synchro- 
nizing signal output and adjusts the relative phase 
between the horizontal synchronizing component of 
the selected video source and a synchronous timing 
signal by a factor appropriate for the selected video 
source. A manually operable circuit (72) may be 
coupled in a feedback path of the second phase 
locked loop (62) for adjusting the relative phase 
between the second timing signal (on 61) and the 
scan synchronizing signal (on 67), over a range 
corresponding to an incremental step. 
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1 EPO 

This invention relates to the field of horizontal 
deflection circuits for televisions apparatus. More 
particularly, this invention relates to a systenn for 
providing a remotely adjustable phase relationship 
between an incoming video signal and the synchro- 
nizing signal used by the horizontal deflection cir- 
cuit to assure horizontal centering. 

Television apparatus require that the circuits 
generating the raster scan be synchronized with 
the video signal being displayed. Standard NTSC 
video signals, for example, are displayed by Inter- 
lacing successive fields, each field being generated 
by a raster scanning operation at a basic or stan- 
dard horizontal scanning rate of approximately 
15.734 Hz. 

The basic scanning rate for video signals is 
variously referred to as fn. Ifn, or 1H. The actual 
frequency of a Ifn signal will vary according to 
different video standards. In accordance with efforts 
to Improve the picture quality of television appara- 
tus, systems have been developed for displaying 
video signals progressively, in a noninterlaced 
fashion. Progressive scanning requires that each 
displayed frame must be scanned in the same time 
period allotted for scanning one of the two fields of 
the interlaced format Accordingly, the horizontal 
scanning frequency must be twice that of the inter- 
laced video signals. The scanning rate for such 
progressively scanned displays is variously re- 
ferred to as 2fH or 2H. A 2fH scanning frequency 
according to standards in the United States, for 
example, is approximately 31,468 Hz, An un- 
specified multiple rate may be referred to, for ex- 
ample, as nfH where n is an integer greater than 1 . 

A problem that Is encountered In sophisticated 
video processing and deflection systems is the 
additional time which is often necessary for the 
special signal processing of the video information. 
The time delays resulting from the additional signal 
processing can cause problems in synchronizing 
the deflection circuit with the incoming video sig- 
nal. Problems in properly synchronizing the 
video/raster phasing can result in the picture being 
uncentered horizontally. Typically, the video infor- 
mation is received by the television apparatus one 
line at a time, at a first horizontal scanning rate, for 
example Ifn. In a progressive scanning system, for 
example, the video information may be stored, one 
or more lines at a time, prior to being displayed- 
Sometimes, each line is read out, or displayed, 
more than once. Sometimes, the information in 
successive lines, or sets of lines, is processed, for 
example, by being combined by interpolation. This 
can result in additional lines of video information, 
which must be displayed along with the information 
In the original video signal. In a bidirectional scan- 
ning system, for example, the video information for 
alternate lines must be read out. or displayed, In 
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reverse. In each case, the nfH multiple rate syn- 
chronizing signals. 2fH for the example chosen, 
must be delayed long enough to accommodate the 
signal processing. 

5 It is desirable that circuits be standardized, 

which enables some circuits to be shared by a 
number of different television apparatus, which are 
otherwise provided with different signal processing 
capabilities and systems. Some receivers can op- 

70 erate in multiple modes, or process video signals 
from two or more altemative sources, which may 
require more or less signal processing time, and 
therefore require adjustable video/raster phasing. 
Television apparatus, particulariy those employing 

75 sophisticated signal processing, have a substantial 
need for easily controlling video/raster phasing, that 
is, the delay between synchronizing components in 
received video signals and scan synchronizing sig- 
nals generated for processed video signals. The 

20 processed video signals are often displayed at 
faster scanning rates, for example, requiring a 
video/raster phase adjustment for the delay be- 
tween a IfH video signal In interiaced format and 
the 2fH scan synchronizing signal required for a 

25 progressive horizontal scanning deflection system. 

It is an aspect of the Invention to provide a 
means for easily adjusting and maintaining the 
relative phase of synchronizing or timing signals 
having different frequencies. A divider circuit may 

30 be employed to generate a higher rate nfn timing 
signal, for example 2fH, from a clock signal. The 
divider circuit may be synchronized with the timing 
signal, for example 1fH> generated by a first phase 
locked loop to periodically reset the divider. Such a 

35 divider may be embodied^ as a digital divider which 
can be preloaded with a digital number, for exam- 
ple a four bit digital number, by digital control 
signals. Such digital control signals may be trans- 
mitted over a serial bus. as is found in many 

40 digitally controlled television apparatus. A preset- 
table or preloadable divider circuit can provide 
coarse video/raster phasing in accordance with the 
preloaded digital number to control centering of the 
picture. Changing the preloaded number will move 

45 the second timing signal relative to the incoming 
video signal in steps, for example two microsecond 
steps. A presettable or preloadable divide-by-16 
circuit operating from a 32fH clock, for example, 
can provide a 2fH timing signal. 

so It is another aspect of the invention to provide 

for automatically controlled video/raster phase ad- 
justment for altemative video sources having inher- 
entiy different timing characteristics. Such alter- 
native sources may include RGB inputs and com- 

55 puter video driving circuits. Selection of an alter- 
native video source, for example by means of a 
remote control keypad, is detected by remote re- 
ceiver. The remote receiver is monitored by a 



3 




EP 0 



microprocessor which controls the television ap- 
paratus. The microprocessor sends control data to 
a video source selector to switch an alternative 
video source as the video output of the signal 
processing circuitry. The microprocessor also 
transmits control data to a video/raster phase ad- 
justment circuit, to compensate for a different tim- 
ing characteristic of the alternative video source, to 
assure that the picture will be properly centered. 

It is still anpther aspect of the invention to 
provide manually controlled fine phasing adjust- 
ment, for example in the range of zero to two 
microseconds, In conjunction with the bus con- 
trolled phase adjustment. In accordance with this 
aspect of the Invention, the fine phase adjustment 
may be implemented at a different point in the 
successive chain of synchronizing and timing sig- 
nals than the point at which the bus controlled 
delay is implemented. The fine phase adjustment 
may be inserted in the second phase locked loop, 
rather than in the converter. The delay is made 
with respect to the second timing signal, rather 
than with respect to the first timing signal. In an 
illustrative embodiment, retrace pulses at the sec- 
ond frequency are an Input to a sawtooth signal 
circuit. The sawtooth signal is one input to the 
phase comparator of the second phase locked 
loop. The sawtooth circuit includes a ramp capaci- 
tor. Varying the current used to charge the ramp 
capacitor in the sawtooth signal circuit, for example 
by means of a manually adjustable potentiometer, 
provides a fine phase adjustment. 

Another problem that may be encountered in 
generating a second horizontal synchronizing sig- 
nal, for example at 2fH, from a first horizontal 
synchronizing signal, for example at Ifn, in a video 
signal, is assuring sufficiently precise symmetry, or 
constancy, of the second synchronizing signal with- 
in the period of the first synchronizing signal. The 
period of the second signal may vary due to jitter 
caused by the first signal. If the symmetry of a 2fH 
synchronizing signal, for example, is not very pre- 
cise within any Ifn period, for example, the 2fH 
trace will be initiated at a different instant every 
other line in the raster. This can cause a split raster 
effect, as shown for example In FIGUI=IE 5, A raster 
2 has a first set of altemate scan "lines forming a 
picture portion R which diverges to the right and a 
second set of altemate scan lines forming a picture 
portion L which diverges to the left. Adjacent re- 
trace pulses are of different amplitude because 
different peak to peak yoke currents fiow during 
adjacent trace periods. Different peak to peak yoke 
currents fiow during adjacent trace periods be- 
cause adjacent trace periods are of different length. 
The amount of the scanning difference between 
adjacent lines will depend on the magnitude of the 
period difference and the overall energy recovery 
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efficiency of the deflection circuit. The effect of 
raster splitting is exaggerated in FIGURE 5, 
wherein the scan lines of portion L begin sooner 
than the scan lines of portion R. However, time 

5 differences between adjacent trace periods on the 
order of only 100 nanoseconds may cause unac- 
ceptable amounts of raster splitting. 

An asymmetry In the first synchronizing signal, 
for example at Ifn. can be introduced by the very 

70 nature of the phase locked loops used in the syn- 
chronizing circuits of horizontal defiection systems 
having two phase locked loops and forming part of 
a video speedup system. The asymmetry might be 
inherent in some integrated circuits as well. The 

IS absence of a retrace signal from which to derive a 
feedback signal for the first phase locked loop, for 
example at the Ifn frequency, requires that the first 
timing signal be used as a feedback signal to the 
phase comparator in the phase locked loop. This 

20 can Introduce a ripple at the frequency of the first 
timing signal, resulting in the asymmetry of the first 
timing signal. The asymmetry has been corrected 
in the past, for example, by special signal process- 
ing circuits associated with operation of the first 

25 phase locked loop and/or the circuit used for con- 
verting the first timing signal to a second timing or 
synchronizing signal, at a multiple frequency of the 
first timing signal. These can be costly, and can 
result in unwanted delays in propagating synchro- 

30 nizing information through the deflection circuitry. 

In commonly owned and copending U.S. ap- 
plication 499,249, filed 26 March 1990, a horizontal 
defiection system is described having accurate 
synchronizing circuits for use in displaying video 

35 signals at a multiple scanning rate, where an asym- 
metry stems from a periodic perturbation of a syn- 
chronizing or timing signal. There, a first phase 
locked loop generates a first timing signal at a first 
horizontal synchronizing frequency corresponding 

40 to a horizontal synchronizing component in a video 
signal. A converter circuit derives from the first 
timing signal a second timing signal, having a 
second frequency at a multiple of the first fre- 
quency and subject to a variation in frequency at a 

45 rate corresponding to the first frequency. A second 
phase locked loop receives the second timing sig- 
nal and a feedback signal in accordance with the 
second frequency, and includes a voltage con- 
trolled oscillator for generating a smooth horizontal 

50 synchronizing signal at the second frequency. The 
second phase locked loop has a characteristic loop 
response preventing the voltage controlled oscilla- 
tor from changing frequency as fast as the rate of 
variation of the second timing signal. A horizontal 

55 output deflection stage may be coupled to the 
second phase locked loop for synchronized hori- 
zontal scanning in accordance with the second 
frequency. The two phase locked loops are config- 
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ured in tandem, in conjunction with the signal rate 
converter, or multiplier. No additional signal pro- 
cessing circuitry is needed to correct the symmetry 
of the timing signal generated by the first phase 
locked loop or the symmetry of the multiple rate 
timing signal derived by the converter. 

It is yet another aspect of the invention taught 
herein to provide for easily adjusting and maintain- 
ing a phase relationship between received video 
signals and higher rate synchronizing or timing 
signals generated by a horizontal deflection circuit 
which is compatible with the jitter control system 
described in U.S. Application 499,249. The output 
of the divider, for example, may be treated and 
processed as an uncorrected timing signal, whose 
frequency variations will be averaged out by the 
second phase locked loop, as described above. 

In the Drawing: 

FIGURE 1 is a block diagram of a horizontal 
deflection system including synchronizing cir- 
cuits for generating timing signals to display Ifn 
video signals at a 2fH horizontal scanning rate, 
and providing bus controlled phase adjustment 
and manually controlled phase adjustment ac- 
cording to this invention; 

FIGURE 2(a) is a block diagram illustrating the 
1fH to 2fH converter and bus controlled phase 
adjustment of FIGURE 1 in more detail; 
FIGURE 2(b) is a block diagram illustrating an 
alternative bus controlled phase adjustment, uti- 
lizing a digital phase shifter. 
FIGURE 3 is a circuit diagram showing the sec- 
ond phase locked loop of FIGURE 1 in more 
detail, including the manually controlled phase 
adjustment; 

FIGURES 4(a), 4(b), 4(c) and 4(d) are 
wavefonms useful for explaining the bus con- 
trolled phase adjustment and manually con- 
trolled phase adjustment; 

FIGURE 5 Is a diagram illustrating raster split- 
ting due to asymmetry of the 2fH synchronizing 
signal within the period of the Ifn synchronizing 

signal; 

FIGURES 6(a). 6(b), 6(c). 6(d). 6(e) and 6(f) are 
waveforms useful in explaining the raster split- 
ting shown in FIGURE 5; and 
FIGURE 7 is a block diagram useful for explain- 
ing the interaction of a microprocessor, alter- 
native video sources and a bus controlled 
video/raster phasing adjustment system. 
A horizontal deflection system for providing 2fH 
progressive scanning of a Ifn video signal is shown 
in block diagram form in FIGURE L and generally 
designated by reference numeral 40. A 1-chip 12 
may be utilized for constructing the a phase locked 
loop, which generates a first timing signal as an 
output, at a nominal Ifn rate. Industry type TA8360, 
for example, is 1-chip incorporating a sync separa- 
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tor 14, a phase comparator 16 and a voltage con- 
trolled oscillator 48. A Ifw video signal on line 11 is 
an input to sync separator 14. The sync separator 
14 provides vertical synchronizing pulses on line 

5 43 and Ifn horizontal synchronizing pulses on line 
13. The IfH synchronizing signals on line 13. 
shown in FIGURE 6(a), are an input to phase 
comparator 16. The output of phase comparator 16 
on line 15, shown in FIGURE 6(b), is an error 

10 control signal input to low pass filter 20, The fre- 
quency characteristic of the low pass filter in the 
TA8360, for example, is determined primarily by 
external timing components. Accordingly, block 20 
is shown by dashed lines. The extemal elements 

75 may be a series R-C network, having a 10 micro- 
farad capacitor and a 3K resistor coupled between 
the capacitor and ground. Voltage controlled os- 
cillator 48 operates at a 32fH rate, responsive to a 
ceramic or L-C resonant circuit 50. A nominal 32fH 

20 timing signal on line 49, shown in FIGURE 6(c), is 
an input to a divide by 32 circuit 52. The output of 
the divide by 32 circuit on line 17 is a Ifn drive 
signal, shown in FIGURE 6(d). The Ifn signal is an 
input on line 55 to the other input of phase com- 

25 parator 16. which can result in the error control 
voltage of FIGURE 6(b) being adversely modified 
by a Ifn ripple as shown. In the event the width of 
the Hh pulses being fed back to the phase, com- 
parator 16 are too wide, the pulse width can be 

30 reduced, for example by series coupled capacitor 
54. The output of the resonant circuit 50 at 32fH is 
also available externally of the 1-chip, on line 51. 

A 1fH to 2fH converter and bus controlled phase 
adjustment circuit 56 is coupled to the Mh output 

35 timing signal of the first phase locked loop by line 
17 and to the resonant circuit 50 by line 51. Circuit 
56 generates a timing signal designated 2fH-REF 
as an output on line 61 . The phase of the 2fH-REF 
signal relative to the Ifn timing signal on line 17 

40 can be adjusted responsive to control signals trans- 
mitted over serial data bus 53, for example by a 
microprocessor 74. 

Circuit 56 is shown in more detail in FIGURE 2- 
(a). The 32fH output of resonant circuit 50 on line 

45 51 is an input to amplifier 90. The output of am- 
plifier 90 on line 91 is a CLOCK input to divide by 
16 counter 58. Dividing a 32fH signal by 16 results 
in a 2fH signal. Other multiples of a basic horizontal 
scanning frequency can be produced by utilizing 

50 appropriate combinations of clock frequencies and 
division factors. The Mh timing signal on line 17 Is 
an input to edge detector 92. Edge detector 92 will 
detect the leading edges, for example, of the 
pulses in the IfH timing signal. The output of the 

55 edge detector 92 on line 93 is the LOAD input to 
counter 58. The divide by 16 counter 58 can be a 
4-bit counter, having a 4-bit parallel data bus 95 at 
its D or starting number input. 
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In accordance with another aspect of the inven- 
tion, the use of such counting means is compatible 
with the jitter control system disclosed In com- 
monly owned and copending U.S. application 
499,249. A counting/dividing means, similar but 
without presetting, is used in one embodiment 
thereof to generate a 2fH timing signal from a 32fH 
clock signal. The 2f» signal is synchronized with 
the horizontal synchronizing component of a video 
signal by a IfH timing signal synchronized with the 
synchronizing component. 

Remote control may be effected, for example, 
by means of the serial data bus 53 (Fig. 1), of the 
Icind which is often provided in those television 
apparatus having a digital control architecture, A 
serial data bus may comprise three lines as shown, 
generally denoted DATA, CLOCK and ENABLE. A 
number from which to start counting may be stored 
in shift register 94, by Information supplied over the 
serial data bus 53 by microprocessor 74. The data 
bus 53 can provide a starting number for the 
divlde-by-1 6 counter 58 to use at each occurrence 
of a pulse in the Ifn signal on line 17. The output Q 
of counter 58 is a 4-bit signal on parallel data bus 
97. The 4-bit signal is an input to decoding circuit 
96, which supplies an output pulse on line 99, for 
example at each occurrence of count 16. Each 
starting number provides a different and corre- 
sponding number of incremental, or coarse, phase 
adjustment delays. The signal on line 99 is an input 
to pulse width circuit 60. the output of which on line 
61 is the 2fH-REF signal. Pulse width circuit 60 
assures that the width of the pulses in the uncor- 
rected 2fH-REF timing signal on line 61 will be wide 
enough to assure proper operation of the phase 
comparator in the second phase locked loop. 

Alternatively, the adjustable delay may be im- 
plemented by a digital phase shifter, as shown in 
FIGURE 2(b). The Ifn to 2fH converter 56' is the 
same as in block 56 In FIGURE 2(a). except that 
the counter 58 is not presettable and the shift 
register 94 is omitted. The 2fH-REF signal on line 
61 is an input to a digital phase shifter 101. The 
amount of phase delay provided by the phase 
shifter is determined by control signals transmitted 
over the data bus 53 by the microprocessor. Line 
51 also supplies the 32fH clock signal to the digital 
phase shifter. If the digital phase shifter does not 
have an input storage buffer adapted for receiving 
serial data, a register similar to shift register 94 
may be used for that purpose, as in block 56 in 
FIGURE 2(a). The output of the phase shifter 101 is 
a phase adjusted signal 2fH-REF', which for exam- 
ple becomes the input to the second phase locked 
loop shown in block 62 of FIGURE 1. 

The 2fH-REF signal is symmetrical only to the 
extent that the initial duty cycle of the IfH signal is 
fifty percent. The effect of the Ifn ripple on the 
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error control voltage for the 32fH VCO is reflected 
in the waveform of FIGURE 6(b). The error control 
voltage periodically falls during each Ifn period. 
Accordingly, the output frequency fvco of the 32fH 

5 VCO falls periodically, during each Ifn period. As 
the frequency falls, each subsequent output pulse 
from the 32fH VCO has a lower frequency. As the 
frequency decreases, the pulse width 1/fvco in- 
creases. The divider circuit 58 doubles the fre- 

10 quency of the 1fH signal, which has a period of 32 
output pulses of the 32fH VCO, by dividing the 
period in half, that is, into two sixteen pulse 
periods. However, due to the periodically increas- 
ing pulse widths, the aggregate width of the first 

75 sixteen pulses, tA, is less than the aggregate width 
of the next sixteen pulses, te- When the duration of 
tA is not equal to the duration of te, the 2fH-REF 
timing signal is not symmetrical within the period of 
the 1fH signal, notwithstanding the precision of the 

20 digital divider. This asymmetry can cause retrace 
pulses of alternating amplitudes Y1 and Y2 as 
shown in FIGURE 6(f), which can result In the 
raster splitting. The 2fH-REF signal generated by 
the digital circuit must therefore also be treated as 

26 an uncorrected signal, which requires further pro- 
cessing. 

The 2fH-REF signal is further processed by a 
second phase locked loop 62. The second phase 
locked loop comprises phase comparator 64, low 

30 pass filter 63 and a voltage controlled oscillator 66. 
The phase locked loop 62 is embodied as an 
industry type CA1391. The error output signal of 
phase comparator 64 on line 65 is a control input 
to voltage controlled oscillator 66, which operates 

36 at a 2fH rate. The operating frequency of the os- 
cillator and the frequency response of the low pass 
filter in a type CA1391 oscillator are primarily de- 
termined by external timing components, as shown 
in FIGURE 3. Accordingly, LPF 63 is shown by 

40 dashed lines. 

The 2fH-REF is one Input to phase comparator 
64, The error control signal of phase comparator 64 
on line 65 is an input to low pass filter 63. The 
output of low pass filter 63 is a control input to 

45 voltage controlled oscillator 66, which operates at a 
2fH rate, and is denoted 2fH VCO. The frequency 
characteristic of the low pass filter 63 is determined 
by an externa! series R-C network formed, for 
example, by 1.5 microfarad capacitor C53 and 2K 

50 resistor R68 as shown in FIGURE 3. The output of 
voltage controlled oscillator 66 on line 67 provides 
CORRECTED 2fH synchronizing signals for a hori- 
zontal output circuit 68. The output of the horizontal 
output circuit 68 on line 69 provides a 2fH signal in 

55 the form of 2fH RETRACE pulses. The 2fH RE- 
TRACE pulses are an input to ramp generator 70, 
which is subject to a manual phase delay by man- 
ual delay circuit 72. The output of ramp generator 
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70 on line 71 is AC coupled by capacitor C56 to 
the other input of phase comparator 54 by line 73. 

A circuit schematic for a portion of the block 
diagram shown in FIGURE 1 is shown in FIGURE 
3- The phase locked loop 62. as a type CA1391 
circuit, includes an oscillator 66, phase detector 64, 
predriver 84. phase detector output driver 86 and 
Vcc voltage regulator 87. The oscillator 66 is an RC 
type with terminal 7 used to control frequency. An 
external capacitor C51 is connected from terminal 
7 to ground and charges through external resis- 
tance R62 coupled between terminals 6 and 7. 
When the voltage at terminal 7 exceeds an internal 
potential bias, capacitor C51 is discharged through 
an internal resistor. This conduction causes genera- 
tion of a drive pulse, which terminates when the 
capacitor Is sufficiently discharged. Negative-going 
synchronizing pulses at terminal 3 are phase com- 
pared with the sawtooth waveform at terminal 4, 
which is derived from horizontal flyback or retrace 
pulses. If there is no phase difference between the 
synchronizing signal and the sawtooth waveform, 
there is no net output current at terminal 5. When a 
phase offset occurs, current flows either in or out of 
terminal 5 to correct the frequency. The duty cycle, 
or mark space ratio, of the predriver 84 may be 
adjusted by setting the potential at terminal 8. In 
the circuit of FIGURE 3, this is determined by the 
voltage divider formed by resistors R63 and R64. 
Potentiometer R37, coupled to terminal 7 through 
resistor R72, may be used to manually adjust the 
frequency of oscillator 66. 

The ramp generating circuit 70 comprises tran- 
sistor Q4, resistor R55 and capacitor C50. The 
ramp signal generated across capacitor C50 is AC 
coupled to terminal 4 through capacitor C56. A 
transistor Q2 and potentiometer R20 form a man- 
ually operable delay circuit 72, which varies the 
current charging the ramp capacitor C50. Variation 
of the time needed to charge capacitor C50 pro- 
vides a variable delay of approximately from 0-2 
microseconds in the relative phase of the 2fH-REF 
pulses and the CORRECTED 2fH pulses. 

The CORRECTED 2fH output of predriver 84 
on line 67 Is an input to a push-pull driver circuit 
comprising transistors Q5 and Q6, which provides 
a 2fH DRIVE output signal to the horizontal output 
circuit. 

The waveforms of FIGURES 4(a), 4(b), 4(c) and 
4(d) illustrate the relative phase positions of the 1fH 
and 2fH timing signals and synchronizing signals 
generated by operation of the circuit shown in 
FIGURE 1. 2 and 3. FIGURE 4(a) illustrates the Ifw 
SYNC pulses separated by sync separator 14 and 
provided to phase comparator 16 on line 13. FIG- 
URE 4(b) shows the Ifn output of the divide by 32 
circuit 52 on line 1 7. The first phase locked loop is 
responsible for maintaining the relative phase of 
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the leading edge, for example, of the IfH pulses at 
the midpoint, for example, of the Mh SYNC pulses. 
FIGURE 4(c) illustrates the 2fH-REF signal gen- 
erated by pulse width circuit 60 on line 61 , which is 

5 one of the inputs to phase comparator 64 of the 
second phase locked loop 62. FIGURE 4(d) Is the 
2fH RETRACE signal on line 69, which Is an input 
to the ramp generator 70. The difference in phase 
between the Mh SYNC pulses and the 2fH-REF 

10 pulses, and therefore the CORRECTED 2fH pulses. 
Is adjustable, for example In two microsecond 
steps as explained above, by bus control presetting 
of divide by 16 counter 58. Rne adjustment, for 
example from 0 to 2 microseconds, is provided by 

T6 manually operable delay circuit 72, which provides 
for setting the phase difference between the 2fH 
RETRACE PULSES and the 2fH-REF signal. The 
adjustment is Indirect, as the manual control circuit 
actually adjusts the delay between the 2fH RE- 

20 TRACE pulses and the sawtooth signal which is the 
other input to phase comparator 64. It will be 
appreciated that bus control with different time 
delay steps can be implemented by using different 
clock frequencies and/or different counters having 

25 different numbers of bits to provide different resolu- 
tion. The manual phase adjustment can be modi- 
fled to enable manual adjustment over a . range 
corresponding to the incremental time delay .steps 
provided by bus control. 

30 An example of adjusting the video/raster phase 

delay to accommodate alternative video sources is 
shown in the block diagram of FIGURE 7. The 
horizontal deflection circuit 80 depicted in FIGURE 
7 is similar to the circuit 40 shown in FIGURES 1-3, 

35 except that alternative video sources and means for 
switching between the alternative video sources is 
also Illustrated. The details of the 1-chip 12, the 
converter 56 and the second phase locked loop 62 
are omitted for clarity, but may be as shown in 

40 FIGURES 1-3. Video source selector switches are 
features of some, but not all 1 -chips. 

The microprocessor 74 is coupled to a remote 
control receiver 79 and to a video source selector 
88, for example by the serial bus 53. The remote 

45 receiver 79 is coupled to a keypad, for example a 
remote control keypad 89. by a radio or infrared 
transmission 85. Video source A. illustrated in 
block 81 as a composite video signal, is coupled to 
a separation and demodulation circuit 83. Video 

50 source A may therefore represent a broadcast or 
cablecast composite video signal, for example a 
1fH interlaced video signal. The outputs of the 
separation and demodulation circuit 83 are drive 
signals for the video guns, designated A RED, A 

55 GREEN and A BLUE, and a synchronizing signal, 
designated A SYNC. These outputs form one set of 
inputs to the video source selector 88. The other 
set of Inputs to video source selector 88 are sup- ^ 
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plied by an alternate video source, which is Illus- 
trated in block 82 as an RGB video source. An 
RGB video source may be supplied, for example, 
by a computer. The outputs of the alternative video 
source 82 are designated RGB RED. RGB GREEN, 6 
RGB BLUE and RGB SYNC. It will be appreciated 
that a different delay in video/raster phasing may 
be necessary to assure proper centering of the 
picture. The video source selector 88 has outputs 
designated RED OUT, GREEN OUT, BLUE OUT io 
and SYNC OUT. It is assumed, for purposes of 
illustration, that the timing signals of the alternative 
video sources are sufficiently different that, in the 
absence of a video/raster phase adjustment, the 
picture may not be properly centered horizontally 75 
when selecting the alternate video source. 

Selection of an alternative video source, for 
example by means of a remote control keypad 89, 
is detected by remote receiver 79, and monitored 
by microprocessor 74. Microprocessor 74 sends 20 
control data to the video source selector 88 to 
provide the video drive signals and synchronizing 
signal form the alternative video source instead of 
video source A. Microprocessor 74 also transmits 
control data to the phase adjustment circuit in 25 
block 56. to compensate for the different timing of 
the alternative video source, to assure that the 
picture will be horizontally centered. 

In accordance with an aspect of the invention, 
an optimum phase relationship can therefore be 
established between the incoming video signal and 
the scan synchronizing signal utilized by the hori- 
zontal deflection circuit to generate the raster. The 
optimum phase relationship can be achieved by 
utilizing both the bus controlled and manually con- 35 
trolled phase adjustment circuits for coarse and 
fine phase adjustments, respectively. It will be ap- 
preciated that coarse and fine are relative terms. 
The coarse adjustment can be made sufficiently 
fine, for a particular purpose, by decreasing the 40 
time delay of each incremental step. Whenever the 
microprocessor Is called upon to initiate a special 
video display function or process, or to display an 
alternative video source, requiring more or less 
phase delay between the video signal and the scan 4S 
synchronizing signal, the phase delay can be 
changed accordingly by the microprocessor. This 
arrangement provides the maximum flexibility for 
optimizing the video/raster phase delay for all video 
processes and all video sources. so 

Claims 
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timing signal (on 17) at a first frequency (1fH) 
synchronously with a horizontal synchronizing 
component (sync) in a video signal; character- 
ized by 

second means (56) operating synchro- 
nously with said first timing signal for generat- 
ing a second timing signal (2fH-REF) at a sec- 
ond frequency; 

third means (74) for incrementally adjust- 
ing the relative phase between said first and 
second timing signals; and, 

fourth means (62) for generating a scan 
synchronizing signal from said second timing 
signal. 

2. The system of claim 1, characterized in that 
said second means (56) comprises counting 
means (58) for dividing a clock signal to gen- 
erate said second timing signal (2fH-REI^. 

3. The system of claim 2. characterized in that 
said third means (74) comprises means (94) 
for supplying different numbers to said count- 
ing means (58) from a remote source. 



4. The system of claim 2, characterized by a 
microprocessor (74) for supplying said differ- 
ent numbers and a data bus (53) for intercon- 
necting said microprocessor and said counting 
30 means (56). 



The system of claim 1, characterized in that 
said first means (48,52) comprises: 

means (48) for generating a clock signal at 
a multiple of said first frequency (Ifn); and 

counting means (52) for dividing said clock 
signal by said multiple to generate said tirst 
timing signal. 

The system of claim 5, characterized in that 
said generating means (48) and said counting 
means (52) form part of a first phase locked 
loop, having said synchronizing component 
(sync) of said video signal as an input and said 
first timing signal (on 17) as an output. 

The system of claim 2, characterized by 
means (92) for detecting edges of pulses in 
said first timing signal (on 17) and generating a 
control signal (on 93) for said counting means 
(58) for synchronizing said counting means 
with said first timing signal (on 17). 



1. A horizontal deflection system for adjusting 
and maintaining a phase relationship between 
a video signal (on 11) and a scan synchroniz- 
ing signal (on 67). comprising: 

first means (48.52) for generating a first 



8. The system of claim 3, characterized in that 
55 said third means (74) comprises a shift register 

(94) having an output coupled to said counting 
means (58) and an input (53) coupled to a 
source (74) of said different numbers. 
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9. The system of claim 1, characterized in that 
said fourth means (62) comprises a phase 
locked loop. 

10. The system of claim 1, characterized by 
means (62) for adjusting the relative phase 
between said second timing signal (2fH-REF) 
and said scan synchronizing signal (on 67). 

11. The system of claim 1. characterized in that 
sard third means comprises a digital phase 
shifter (94) coupled to a remote source (74) of 
phase delay control signals. 

12. A horizontal deflection system for adjusting 
and maintaining a phase relationship between 
a video signal (on 11) and a scan synchroniz- 
ing signal (on 67), comprising: 

means (48) for generating a clock signal at 
a clock frequency related to a horizontal syn- 
chronizing component of a video signal; char- 
acterized by 

first counting means (52) for dividing said 
clock signal by a first factor to generate a first 
timing signal (on 17) at a first frequency; 

second counting means (58), operating 
synchronously with said first counting means 
(52), for dividing said clock signal (on 51) by a 
second factor to generate a second timing 
signal (on 99) at a second frequency; 

means (74,94) for supplying different num- 
bers to said second counting means (58) for 
adjusting the relative phase between said first 
(on 17) and second (on 99) timing signals; and. 

means (62) for synchronously generating a 
scan synchronizing signal from said second 
timing signal (on 99). 

13. The system of claim 12, characterized In that 
said second counting means (58) is coupled to 
a remote source (74) of said different numbers. 

14. The system of claim 13. characterized by a 
data bus (95) for coupling said second count- 
ing means (58) to a microprocessor (74), said 
microprocessor supplying said different num- 
bers. 

15. The system of claim 12, characterized by 
means (64) for adjusting the relative phase 
between said second timing signal (on 99) and 
said scan synchronizing signal (on 67). 

16. The system of claim 15, characterized in that 
said means (64) for adjusting the relative 
phase between said second timing signal (on 
99) and said scan synchronizing signal (on 67) 
is manually operable (by 72). 
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17. A horizontal deflection system for adjusting 
and maintaining a phase relationship between 
a video signal (on 11) and a scan synchroniz- 
ing signal (on 67), comprising: 
5 first means (48,52) for generating a first 

timing signal (on 17) at a first frequency re- 
lated to a horizontal synchronizing component 
of a video signal (on 11); characterized by 
second means (58.60.96). operating syn- 
10 chronously with said first generating means 

(16,48.52), for generating a second timing sig- 
nal (on 61) at a second frequency: 

first phase control means (56) coupled to 
said second generating means (58,60,96) for 
15 adjusting the relative phase between said first 

(on 17) and second (on 61) timing signals; 

third means (62), operating synchronously 
with said second timing signal (on 61), for 
generating a scan synchronizing signal (on 
20 67); and. 

second phase control means (70) coupled 
to said third means (62) for adjusting the rela- 
tive phase between said second timing signal 
(on 61) and said scan synchronizing signal (on 
25 67). 

18- The system of claim 17, characterized in that 
said first phase control means (56) is coupled 
to a data bus (53) for receiving phase control 
30 instructions. 

19. The system of claim 17, characterized in that 
said second phase control means (70) is coup- 
led to manually operable means (72). 

35 ^ 

20. The system of claim 17, characterized in that: 

said second means (58,60,96) for generat- 
ing said second timing signal (on 61) ^com- 
prises counting means (58) operating synchro- 
40 nously with said first timing signal (on 17) for 

dividing a clock signal to generate said second 
timing signal (on 61) at a second frequency; 
and, 

said first phase control means (56) com- 
45 prises means (53) for loading different num- 

bers Into said counting means (58) for in- 
crementally adjusting the relative phase be- 
tween said first (on 17) and second (oh 61) 
timing signals. 

50 

21. The system of claim 20, characterized in that 
said first phase control means (56) further 
comprises a shift register (94) having an output 
coupled to said counting means (58) for sup- 

55 plying said different numbers, and an input 

coupled to a remote source (74) of said dif- 
ferent numbers. 
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22. The system of claim 21, characterized by a 
data bus (53) for coupling said counting means 
(58) to a microprocessor (74), said micropro- 
cessor (74) supplying said different numbers to 
said shift register (94). 

23. A horizontal deflection system having a phase 
control circuit for setting a phase relationship 
between a progressive 2fH scan synchronizing 
signal" and a horizontal synchronizing compo- 
nent of an interlaced Ifn video signal, compris- 
ing: 

first clock means (48) for generating an r\f» 
timing signal, where fn is a horizontal scanning 
frequency and n is an integer greater than 1; 

a divide by n circuit (52) for generating a 
IfH timing signal from said nfn timing signal; 

a first phase locked loop including said 
first clock means (48) for synchronizing said 
1fH timing signal with said synchronizing com- 
ponent (on 1 3) of said video signal; 

a presettable divide by n/2 counting circuit 
(58) operating synchronously with said IfH tim- 
ing signal for generating a 2fH timing signal 
from said nfH timing signal (on 51); character- 
ized by 

means (74) for supplying different num- 
bers to said n/2 counting circuit for Increment- 
ally adjusting a delay between said 1fH timing 
signal and said 2fH timing signal; and, 

means (66) operating synchronously with 
said second timing signal (on 61) and for gen- 
erating a 2fH scan synchronizing signal. 

24. The system of claim 23, characterized by a 
data bus (53) for transmitting said numbers to 
said counting circuit (58). 

25. The system of claim 23. characterized by a 
register (94) for storing said numbers. 

26. The system of claim 23, characterized by 
means (96) for decoding a predetermined out- 
put count of said counting circuit as said 2fH 
timing signal. 

27. The system of claim 23. characterized by man- 
ually operable means (72) for adjusting a delay 
between said 2fH timing signal (on 61) and said 
2fH scan synchronizing signal (on 67). 

28. The system of claim 23, characterized by: 

a phase locked loop (62) operating syn- 
chronously with said 2fH timing signal and hav- 
ing a controllable oscillator (66) for generating 
said 2fH scan synchronizing signal (on 67); 
and. 

manually operable means (72) for adjust- 
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ing a delay between said 2fH timing signal and 
said 2fH scan synchronizing signal, coupled in 
a feedback path of said phase locked loop 
(62). 

5 

29. A horizontal centering circuit for video signals 
from alternative video sources, characterized 
by: 

first (81 ) and second (82) video sources for 
TO video signals and respective horizontal syn- 

chronizing components; 

means (89) coupled to said video sources 
for selecting a video signal and its respective 
horizontal synchronizing component from one 
15 of said first and second video sources as an 

output; 

means (56) operable synchronously with a 
horizontal synchronizing component of a se- 
lected video signal for generating a timing sig- 

20 nal (on 61) having an adjustable phase delay 
relative to said synchronizing component; and. 

control means (74.79) for operating said 
selecting means (88) and for adjusting said 
phase delay by a factor appropriate for said 
25 selected video signal. 

30. The circuit of claim 29, characterized In that 
said timing signal is a scan synchronizing sig- 
nal. 

30 

31- The circuit of claim 29, characterized by 
means (62) for synchronously generating a 
scan synchronizing signal (on 67) from said 
timing signal (on 61). 

35 

32. The circuit of claim 29, characterized in that 
said control means comprises: 

a microprocessor (74); 

a video source selection switch (88); and, 
40 a communications and control bus (53) for 

interconnecting said microprocessor (74), said 
video source selection switch (88), said select- 
ing means (89) and said means (56) for syn- 
chronously generating said timing signal, 

45 

33. The circuit of claim 32, characterized in that 
said means (56) for synchronously generating 
said timing signal comprises counting means 
(58) for dividing a clock signal to generate said 

50 timing signal (on 61). said counting means 

having a preloadable input for receiving dif- 
ferent numbers from said microprocessor (74) 
to adjust said relative phase delay. 
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